confirming that on average the sexual dimorphic expression of these 354 genes is restricted to the 1 3 7 most exaggerated leg (Figure 2 F) . Furthermore, the third legs showed a high number of female-biased 1 3 8 genes, despite the lack of exaggeration in females, suggesting that the development of this extreme 1 3 9 sexual dimorphism may also result from the active regulation of specific genes in female's third legs 1 4 0 or their active repression in male's third legs. Altogether, these results show that the exaggerated third 1 4 1 legs of males display unique patterns of sex-biased genes, in terms of number and/or levels of 1 4 2 expression, compared to the two other serial homologs.
1 4 3 1 4 4
Male exaggerated legs are enriched in both leg-and sex-biased genes.
4 5
Theory predicts that pleiotropy may constrain the evolution of sex-biased gene expression 28 . Our 1 4 6 analysis of sex-biased genes reports a possible crosstalk between tissue and sex regulations in the 1 4 7 context of trait exaggeration, which in turn may relax genetic constraint on sex-biased genes.
4 8
Alternatively, sexual dimorphism may result from post-transcriptional regulation, possibly resulting in 1 4 9 rather broad expression of sex-biased genes 29 . To test these hypotheses, we combined our list of leg- Male-biased genes evolved fast 1 7 5
We have shown that the pattern of sex-biased expression in M. longipes legs correlated in several 1 7 6
aspects with the elaboration of the exaggerated third legs in males. In several species, sex-biased genes 1 7 7 display higher rate of evolution compared to unbiased genes but relatively little is known about their 1 7 8 sequence evolution in the context of trait exaggeration. We classified expressed genes in M. longipes Supplementary table 2 ). We generally found that male-biased genes evolved faster than female-biased 1 8 2 and unbiased genes; female-biased genes being the slowest evolving (Figure 4 ; Supplementary table   1  8  3 2). This pattern was true for all species-pair comparisons and remained consistent across legs or when 1 8 4 we separated X-linked genes from autosomal genes (Figure 4 ; Supplementary table 2 Theory predicts that sexual selection can be an important driver of genome evolution 30,31 , and we 1 9 0 sought to test this prediction by analyzing the distribution of sex-biased genes along the genome of M.
1 9 1 longipes. First, we identified the scaffold that corresponds to the X chromosome (see material & 1 9 2 methods). Interestingly, our analysis detected enrichment in the X chromosome with female-biased 1 9 3 genes of the third legs, but not the two other legs, compared to the autosomes ( Figure 5A ). The 1 9 4 percentage of female-biased genes between the X chromosome and the autosomes in the different legs 1 9 5
confirmed that the enrichment observed was caused by an accumulation on the X chromosome of 1 9 6 genes specifically biased in the third legs of females ( Figure 5A ). In contrast, we did not find any 1 9 7 significant under-or over-representation of male-biased genes from any of the three legs on the X 1 9 8 chromosome ( Figure 5A ). Because of the known effect of dosage compensation on the expression of 1 9 9
genes located on the X chromosome 4,32-34 , we compared the levels of expression of all X chromosome 2 0 0 genes between the sexes. This analysis failed to detect any significant global difference in expression 2 0 1 of these genes between males and females, regardless of the legs (Supplementary figure 5 ). only a fraction of sex-biased genes arranges in such large genomic regions ( Figure 5B ; Supplementary 2 1 0 figure 6). Among these, three large enriched regions located on scaffolds #2 and #8 contained a total 2 1 1 of 36 sex-biased genes in the third legs (11 female-biased and 25 male-biased) ( Figure 5B ).
1 2
Interestingly, two of these regions were specific to the third leg whereas the third indicated an 2 1 3 enrichment of male-biased genes that was common to the three pairs of legs but with a higher degree 2 1 4 of differential expression in the third legs ( Figure 5B ). In these regions, we could notably identify 2 1 5 several unknown genes (10 out of 36 genes) including a cluster of four that were all strongly male-2 1 6
biased. Protein motif prediction, using Pfam, revealed a conserved domain of several transmembrane 2 1 7 motifs in these four protein-coding genes.
2 1 8 2 1 9
Finally, we looked for small clusters of consecutive genes with similar patterns of expression in an 2 2 0 attempt to assess common regulation 41 . We found that over 15% of male-biased and over 20% of 2 2 1 female-biased genes arrange in clusters of two to four genes in the third legs, while only about 8.5% 2 2 2 and 10% respectively are expected under a null hypothesis of random gene order (p-value < 0.05; see 2 2 3 material and method) ( Figure 5C; Supplementary figure 7 ). More specifically, we found up to seven 2 2 4 clusters of four consecutive sex-biased genes in the third legs while only a maximum of two of them 2 2 5
were expected by random permutation ( Figure 5C ). In the second pair of legs, we also found that 2 2 6 about 10% of the male-and female-biased genes are arranged in clusters of at least two genes, while 2 2 2 7 to 3% were expected by random permutation (p-value < 0.05; Figure 5C ; Supplementary figure 7). In 2 2 8 comparison with the third legs, clusters of male-and female-biased genes did not exceed two and three 2 2 9
consecutive genes, respectively ( Figure 5C ). Male-biased genes in the first legs did not show any 2 3 0 enrichment in clusters, and only one such cluster of three genes was detected (p-value > 0.05; Figure   2 3 1 5C; Supplementary figure 7 ). However, we found an enrichment of female-biased gene clusters, 2 3 2 including 2 clusters of 3 consecutive genes ( Figure 5C ; p-value < 0.05; Supplementary figure 7). Finally, we aimed to determine the molecular function of the sex-biased genes in our dataset. Gene 2 3 6 ontology (GO) term analyses revealed enrichment in translation, metabolic processes and Wnt 2 3 7 signaling pathways for the male-biased genes in the third legs ( Supplementary table 3 ). The 2 3 8
"translation" GO term uncovered enrichment for several ribosomal proteins also known to play an 2 3 9 essential role in cell proliferation in response to ribosomal stress 42 . We also identified enrichment in Uncovering the genomic regulation underlying the process of phenotypic divergence between males 2 4 8 and females is central to our understanding of morphological evolution 5, 8, 30, 43 . As an emerging model,
4 9
Microvelia longipes offers exciting life history and ease of experimental manipulation to study how 2 5 0 sexual selection can drive morphological and genomic adaptation 22 (also see companion paper 2 5 1 Toubiana et al.) . In a previous study, we found that the evolution of male third leg exaggeration was 2 5 2 associated with intense competition between conspecific males to dominate egg-laying sites 22 . The 2 5 3 current study sheds light on the regulatory processes, both developmental and genomic, underlying 2 5 4 this sex-specific exaggeration.
5 5
We identified a signature of leg exaggeration among sex-biased genes. Consistent with studies of sex-2 5 6 biased gene expression 5,44-46 , we found that the degree of sexual dimorphism is associated with 2 5 7 different patterns of expression among these genes ( Figure 2&3 ). In our dataset, the most exaggerated 2 5 8 legs mobilized more differentially expressed genes between the sexes and a higher degree of near Cayenne. The bugs were maintained in the laboratory at 25°C and 50% humidity in water tanks 3 1 0
and fed on crickets. Inbred populations were generated as described in 22 . annotate the genome 58-60 . These annotations were based on the leg transcriptomic dataset generated in 3 2 7
this study (36 samples in total), a transcriptome from whole-body individuals collected at all 3 2 8
developmental stages (1 sample) and a transcriptome from a third inbred population not mentioned in 3 2 9
this study (18 samples). Braker and Maker pipelines also performed de novo automatic annotations.
0
Maker and Stringtie annotations yielded lower BUSCO quality and manual quality assessment using 3 3 1
JBrowse revealed a relatively high number of gene fragmentations that were poorly supported by the 3 3 2 alignments. We therefore used Braker annotation for further analyses (Supplementary figure 1) .
3
For Braker annotation, we used Hisat2 alignment files from each transcriptomic sample to train We collected leg tissues from male and female 5th nymphal instars (two days after molting within a 3 3 8 six hour time window) that belonged to two inbred populations that differ in average size (see 22 ). All 3 3 9
individuals were raised in the same laboratory condition and fed with nine fresh crickets every day 3 4 0 until the 5th instar. Individuals from the same inbred population were raised in the same water tank.
4 1
The three replicates of each condition (lines, sexes and legs) correspond to a pool of 20 individuals 3 4 2 chosen randomly (Supplementary figure 2) . Initially the transcriptomic approach was performed on three levels of comparisons; namely the lines, 3 6 4 the sexes and the legs (Supplementary figure 2) . The first three axes of variation in gene expression 3 6 5 explained 57.1% of the total variation and separated the two inbred populations ( Figure 1D ). This 3 6 6
confirms the genetic similarity that exists between individuals of the same inbred population. In order 3 6 7
to correctly assess the influence of sex and leg comparisons on gene expression variance, we corrected 3 6 8
for the line effect using a Within-Class Analysis 62 . After correction, the first major axis of variation 3 6 9 separated male and female conditions, while PC3 explained the variation between legs ( Figure 1E ). We first filtered transcripts for which expression was lower than 2 FPKM in more than half of the 3 7 3 samples after combining the two inbred populations (12 samples total). Transcripts with average 3 7 4
expression that was lower than 2 FPKM in both males and females were also discarded. The number 3 7 5 of reads per "gene" was used to identify differences in expression among the different conditions of 3 7 6 interest using DESeq2 63 . Differential expression analyses between males and females were performed 3 7 7
on the two lines combined as we aimed to identify genes involved in male third leg exaggeration, 3 7 8
which is a common feature to both lines. We repeated the differential expression analyses in lines 3 7 9
separately and generally found high expression similarities between the two lines (data not shown).
3 8 0
The differential expression analysis was also corrected for the line effect and we called sex-biased genes expressed within each tissue.
9 0
We also used the interaction model implemented in DESeq2. For this, we first filtered for lowly 3 9 1 expressed transcripts by removing all transcripts for which the expression was lower than 2 FPKM in 3 9 2 more than two-thirds of the samples (36 samples total). This filtering process leaves 9364 transcripts 3 9 3
for the differential expression analysis. The interaction model between legs and sexes, after correcting 3 9 4
for the line effect, revealed 2 genes for the third and first leg comparison and no gene for the third and 3 9 5 second leg or the second and first leg comparisons. When we looked at these two genes in the 3 9 6 differential expression analyses without the interaction effect, we found that one of them (g7203) was 3 9 7
detected as male-biased in the third leg but not leg-biased whereas the second gene (g23967) was both 3 9 8
male-biased and upregulated in the third leg compared to the first. the only scaffold among the 13 biggest scaffolds (more than 90% of the genome) that presented twice 4 1 2 less coverage than the other scaffolds. To finally assess the identity of the X chromosome in M.
1 3
longipes, we monitored the gene expression and found that the scaffold 1893 included both male-and 4 1 4
female-biased genes, excluding this scaffold to be the Y chromosome. We also looked for a possible Y 4 1 5 chromosome by identifying scaffolds with similar genomic coverage as the X chromosome but 4 1 6
containing genes with only male-biased expression. We did not find any among the fifty largest 4 1 7
scaffolds, suggesting that M. longipes has a XX/X0 sex determination system or presents a highly To compare the average level of gene expression between males and females in the X chromosome we 4 2 8
first selected expressed genes with FPKM > 2 in at least half of the samples (12 samples per leg). We 4 2 9 also averaged gene expressions between replicates and lines before testing for differences in 
7
Among the expressed genes, we switched the log2FC to 0 for the unbiased genes (Padj > 0.05), in 4 4 8 order to directly assess sex-biased genes based on log2FC values (Supplementary figure 8A ).
9
In a second step, we merged the dataset on sex-biased expression with the gene positions 4 5 0 (Supplementary figure 8A ). 
